Presently, there are a number of therapeutic agents available for the symptomatic treatment of rheumatoid arthritis and allied disorders. Among the drugs most widely used are the salicylates, the adrenal cortical steroids, indomethacin, and phenylbutazone. The basic mechanisms by which these drugs exert their beneficial actions in connective tissue disease remains unsolved, but all appear to affect inflammation and/or immunological processes in mesenchymal and connective tissue (2, 5, 12) . In addition, these agents relieve certain types of pain and reduce fever.
Inflammation and fever are often the principal clinical signs of infection. Moreover, the inflammatory reaction and prompt activation of immunological processes following microbial invasion are generally recognized as important defense mechanisms against infection. Therefore, drugs which suppress inflammation or immunological processes, or both, or agents known to possess analgesic and antipyretic action, must be viewed carefully with respect to their possible deleterious effect on an infectious process per se 6 and with regard to their action in masking the early signs of infection.
Within recent years, a new, highly potent antiinflammatory agent named indomethacin was introduced into clinical medicine. The drug has been widely used in the treatment of rheumatoid arthritis (4) , osteoarthritis (20) , and gout (17) . Indomethacin's unique chemical structure, 1-(pchlorobenzolyl) -5 -methoxy -2 -methylindole -3-acetic acid, differentiates it from the salicylates, corticosteroids, phenylbutazone-like compounds, and colchicine. The drug exerts strong analgesic and antipyretic action, and like aspirin and other nonsteroid anti-inflammatory agents, indomethacin might be expected to reduce fever and pain associated with various pathological states, including certain infections.
The present paper is concerned primarily with investigations dealing with the effect of indomethacin on acute, subacute, and latent bacterial infections in mice or rats. Since corticosteroids were known to reduce the resistance of animals to many experimental infections, hydrocortisone was used as a positive control in almost all of the experiments.
MATERIALS AND METHODS Animals. Female pathogen-free mice (CD-1, 18 to 22 g) of the HaM/ICR Swiss strain (Charles River Mouse Farms, Inc., North Wilmington, Mass.) and female CF #1 mice (Carworth Farms, Inc., New City, N.Y.) were employed. The study extended over several years and approximately 3,200 mice were used. In the majority of the mouse experiments, groups of 10 animals, totaling approximately 150 per test, were used and each experiment was repeated a number of times at different periods of the year. Male SpragueDawley rats, weighing 130 to 150 g, were obtained from the Holtzman Co., Madison, Wis. All animals were housed in air-conditioned quarters and maintained on Purina Laboratory Chow (Ralston Purina Co., St. Louis, Mo.) and water ad libitum. Approximately 920 rats were used in these studies.
Drugs. Hydrocortisone (Merck), as the free alcohol, and indomethacin were used throughout these investigations. The drugs were ground to a fine powder and suspended in Merck Aqueous Vehicle No. 1 (sodium carboxymethylcellulose, 0.5%; polysorbate 80, 0.4%; benzyl alcohol, 0.9%; sodium chloride, 0.9%; and water for injection, qs) or were incorporated in the diet. Details of the dose levels, treatment schedule, and route of drug administration are given in the tables. In the majority of the experiments, indomethacin was given in a range of dose levels which, at times, approached toxic levels. The hydrocortisone levels were selected on the basis of previous experience and on published results of other investigators (1, 3, 18 Fig. 1 . The highest indomethacin level approached the maximal tolerated dose. Amounts of drug administered were large in terms of anti-inflammatory activity and in terms of the recommended dose for man. Mortality was recorded daily and, unless the animal was cannibalized, all rats were autopsied and examined for signs of infection. In almost all animals which died, the heart blood was cultured, and the general nature of the microorganisms causing infection was established. No attempt was made to search for microorganisms other than bacteria. Upon terminating the experiment, all surviving animals were sacrificed. The kidneys, spleen, liver, and heart blood were removed aseptically, homogenized, and cultured in nutrient agar, and the number and nature of the microorganisms cultured from each organ were recorded. The major organs were also examined grossly for evidence of infection.
All data presented in this paper were analyzed statistically and conclusions were based on P values ranging between <0.01 to <0.05.
RESULTS
Acute bacterial infection in mice. At times, the results of individual experiments were highly variable, therefore large numbers of mice had to be used and experiments were repeated many times. The results obtained with S. pyogenes C203 and details of the experimental design used in most of the acute infections are shown in Table 1 . The findings of representative experiments with each of six other acute bacterial infections in mice are summarized in Tables 2 and 3 . Generally, hydrocortisone decreased resistance to these infections, whereas, with the few exceptions cited below, indomethacin caused no observable adverse effects. In some instances, the survival rate appeared to be somewhat greater in mice treated with indomethacin. The tendency for hydrocortisone to lower resistance to infection was particularly evident in mice infected with S. pyogenes and S. pullorum at the 10-and 10-6 culture dilution, respectively, K. pneumoniae at 106 and 10-1 levels of infection, S. aureus at 2 X 10-4 culture dilution, P. aeruginosa at the 10-level of infection, and S. schottmuelleri at 2 X 10-and 2 X 104. Hydrocortisone did not lower the resistance of mice to P. vulgaris; the steroid appeared to increase the survival rate at the 105 and 10-level of this infection. In general, the deleterious action of hydrocortisone observed in most infections appeared to increase as the dose levels of the steroid were increased.
In agreement with the published literature, the adverse effects were particularly evident when massive doses of the steroid were given (as illustrated in our studies with C. kutscheri, below). Culture dilution 2 X 10-6 2 X 10-6 2 X 10-6 2 X 10-6 2 X 10-6 2 X 10-6 2 X 10-7 2 X 10-7 2 X 10-7 2 X 10-7 2 X 10-7 2 X 1O-7 The lack of deleterious effects of indomethacin on these acute infections, or at times, the tendency of the drug to increase the survival rate of infected mice, may be noted most readily in infections due to S. aureus, S. pyogenes, P. vulgaris, and S. pullorum (Tables 1, 2 , and 3). If latent infections were present in any of these animals, apparently indomethacin did not activate the infections, judging from mortality figures and heart-blood culture studies. In K. pnuemoniae infections, indomethacin at the 50 and 100 ,g/mouse levels appeared to enhance the survival rate, whereas, the 25 ,g/mouse level appeared to have an adverse effect. However, these values were not statistically significant. The only unusual finding in the mice treated with indomethacin occurred in animals infected with the 2 X 10-culture dilution of S. schottmuelleri and treated with the highest level of indomethacin ( Table 2 ). The increased mortality would appear to be due to drug toxicity, although the toxic effects of large numbers of gram-negative bacteria and their endotoxins may have contributed to the findings.
Subacute infections in mice. With few exceptions, the findings with C. kutscheri were far more uniform and reproducible than were those obtained with the more acute bacterial infections.
However, experimentation during the summer months was avoided to reduce complicating factors of latent infections which appear to be more prevalent at this time. In addition, the duration of the infection was such that it offered ample time for the drugs to exert an action, if any, on the various defense mechanisms called into action by the host. The uniform response of mice to this infection may be noted from the similarity in the survival time and rate of several groups of control mice infected and maintained without treatment under identical conditions (Table 4) .
Confirming previous reports (1, 3, 8, 18) , hydrocortisone, at all levels of treatment, lowered the resistance of mice to this infection. The most striking findings occurred at the 10-1 level of infection and at the highest level of steroid treatment. However, even the lowest dose level of hydrocortisone reduced the resistance of mice to this infection (Table 4) . Indomethacin, even at levels which approached the maximal tolerated dose, caused no observable adverse effects on host resistance. The survival time and rate were essentially identical in the untreated, infected control animals and in the mice treated with indomethacin. Moreover, autopsy findings and blood-culture studies indicated that the disease progressed approximately at the same rate and degree in both the control mice and the animals treated with indomethacin. (Table 6 ). Other studies (in preparation) show that this effect persisted for many weeks and was due to changes in the wall of the gastrointestinal tract, which allowed gramnegative bacteria and endotoxins to enter the peritoneal cavity and general circulation. The striking beneficial effects of endotoxins on host resistance to infection have been reported (10, 14, 16) . Latent infections. Mortality over the 80-day period in the two groups of control rats was 10 and 17%, respectively. Cultures of the various organs of control animals, sacrificed when the experiment was terminated, indicated that small numbers of microorganisms were present in the spleen, liver, or kidneys, or in all of these organs, of most of the animals. Several types of microorganisms were found, including streptococci, staphylococci, gram-negative rods, and C. kutscheri. The latter microorganism is a common pathogen found in rats and mice, and many investigators have shown that the corticosteroids lower the resistance of mice and rats to this latent infection (1, 15) . A small percentage of the rats had healed lesions in the lungs and kidneys, which were suggestive of a previous active infection. The mortality of the animals treated with hydrocortisone at levels of 4.5, 10, and 21.4 mg per kg per day over the 80-day period was 30, 50, and 79%, respectively (Fig. 1) . All deaths were related to extensive bacterial infection, as determined by blood-culture studies and the gross findings at autopsy. The incidence and degree of infection detected in the various organs of surviving animals treated with hydrocortisone were much greater than those found in the controls. Usually, deaths occurred earlier at the higher levels of steroid treatment. The mortality of the animals treated with indomethacin at levels of 0.4, 0.9, and 2.1 mg per kg per day was 3, 3, and 17%, respectively. The nature of the infections and the incidence of infection were essentially the same as in the control animals. The gross signs of infection found in the surviving animals treated with indomethacin, sacrificed after 80 days of treatment, were essentially identical in number and character to those noted in the control rats. Moreover, the numbers and nature of the microorganisms isolated from the spleen, liver, and kidneys paralleled those found in the control animals. Finally, some of the late deaths in these experiments may have been due to cross or acquired infection, rather than the activation of latent infection per se. However, there was no way to determine the origin of an infection in any given animal. In either case, indomethacin caused no detectable adverse effect, whereas hydrocortisone lowered the resistance of rats to those infections, whatever the origin of the latter may have been late in the treatment period.
DISCUSSION
The data presented herein indicate that, by and large, repeated administration of indomethacin in a range of dose levels, which at times bordered on toxic or lethal levels, caused no observable deleterious effects on the survival of mice or rats infected with various bacterial pathogens. In the majority of the experiments, the mortality of the infected mice and rats treated with indomethacin was essentially identical to that found in the infected controls which had not been treated with the drug. Similarly, indomethacin fed continuously for 80 days, at maximal tolerated levels, appeared to induce no adverse effects on the host-parasite relationship of rats which were shown to harbor various latent infections. The overall findings suggest that indomethacin behaves like aspirin and other nonsteroid anti-inflammatory agents, insofar as infection is concerned. The results of these investigations are in agreement with the findings in experimental tuberculosis (13) .
In contrast to the findings with indomethacin (21, 22) . Assuming that these findings apply to mice as well as to rats, the two drugs were administered at equivalent anti-inflammatory dose levels in many of the experiments reported in the present investigations. In the studies with C. kutscheri 6I0 70 80 and those concerned with activation of latent infection in rats, the drugs were also given in a hydrocorlisone few instances, at levels which were approximately Fnistered in the equivalent even on a weight basis.
The contrasting findings between the steroid and nonsteroid agents, and the observation that astigators (1, the latter do not appear to lower resistance to lowered the infection, raise a number of interesting points for rats to both consideration. Data to explain fully the reasons Lny instances, for the differences in the behavior of the two ad. However, classes of drugs in infectious disease are not -ctious agents available to date. Recently, Fauve and Piercedoses were Chase, working with a number of anti-inflamma-)rticosteroids tory steroids, concluded that anti-inflammatory id diversified action per se does not account for the detriarbohydrate, mental action of these agents in infections (7). sm. Further-From the present investigations, quantitative data at these high are not available to ascertain whether indoarked weight methacin suppressed inflammation provoked by :e, and influ-the various pathogens used in these studies. If the erous organs nonsteroidal agents can partially suppress inr actions in-flammation induced by pathogenic microoroid tissue (6, ganisms, the findings suggest that it may be f the reticulo-possible to reduce inflammation without altering are obviously host resistance to infection significantly. Prees and in the sumably, other defense mechanisms are able to ims. cope with the invading pathogens, or more likely, ance in the it seems probable that some degree of inflammanethacin and tion occurred in all infections, regardless of the be exercised dose of indomethacin administered. Gross and ive effects of microscopic inspection of the organs at the time experimental of death support the foregoing assumption. In more reliable view of the marked function capacity of the in-'y comparing flammatory reaction in normal animals, one may ed and non-speculate on the possibility that inflammation aside from may be suppressed to a considerable degree withirbed, metab-out altering the capacity of the reaction to peres in various form its function fully. This concept is not toxicity was unique; there are numerous examples whichcorticosteroids, then the combined adverse effects may lead to significant changes in host resistance.
In the investigations dealing with the acute bacterial infections in mice, the results of individual experiments were often quite varied, particularly during the summer months when animals were subjected to undue heat stress during shipment. Unless great care is taken to relate the cause of death to the pathogen used to induce infection, the mortality figures may be highly misleading. The varied findings appeared to be due in part to the acute, short-termed nature of these bacterial infections and to the toxicity of indomethacin at the higher dose levels. However, more often the presence of undetected latent infection interfered with the findings; this was readily demonstrated in mice treated with hydrocortisone. The present investigations also indicate that there is a great need for microbiologically defined strains of mice for studies which deal with factors affecting host resistance to infection.
